Abstract. Current paper focuses on the analysis of infl uence of main factors (stages of the synthesis, the ratio of the reacting components, the order of their introduction, the concentration of water and ammonia, the synthesis temperature) on the morphology, size and content of functional groups of aminosilica nano-and submicrospheres. The recommendations for the synthesis of particles with predetermined properties were done. It is shown, that the ratio of the reacting components mainly affects the content of 3-aminopropyl functional groups and the temperature of the hydrolytic polycondensation reaction -the size of the particles.
Introduction
Silica nanoparticles are prominent in research, as they are easy to synthesize and are widely used in various fi elds such as catalysis [1] , adsorption (including adsorption of pigments) [2] , medicine [3] , manufacturing of electronic and thin supports, and electronic insulation materials [4] . The quality of most of these products is largely dependent on the size and size distribution of the particles and the nature, content, and stability of their functional groups. The formation of silica nanoparticles and their size are controlled by the rate of two reactions: alkoxysilanes hydrolysis to form oligomers with silanol groups Si(OR) 4 + H 2 O → Si(OH) 4 + 4ROH, and condensation of oligomers to form siloxane bonds 2Si(OH) 4 →2(O-Si-O) + 4H 2 O.
In 1968 Stöber et al. described the synthesis of monodisperse spherical silica nanoparticles by hydrolytic polycondensation of silicon alkoxides in aqueous alcohol solutions in the presence of ammonia [5] . So, there were synthesized silica particles ranging in size from 50 nm to 1.5 microns with narrow size distribution. In the same publication, it was shown that with increasing concentration of ammonia, the size of silica particles decreases. With respect to the concentration of water and alcohol, it was necessary to select specifi c conditions. Later [6] , there was determined the effect of temperature and the nature of solvent on the particle size, and in [7] -the impact of the components ratio and components addition order during the reaction. Thus, so far, there were suggested techniques for obtaining silica nanoparticles and some of the factors that affect their properties were determined.
Functionalization of surfaces of such materials signifi cantly extends their applications. Recently, more and more silica microspheres, especially containing 3-aminopropyl groups are used for adsorption of biomolecules [8] and metal ions [9] . This is due to the participation of amino groups in hydrogen bonds and the formation stable metal complexes. It is not surprising, that already in the 1990 th , there appeared publications about functionalization of silica particles [10] [11] [12] . However, there still lacks the systematization of the material, and there are no answers to such important questions as which ratios of ingredients, temperature, amount of catalyst, etc. should be used to obtain silica particles of a certain size and with the required content of functional groups. Therefore, the subject of this paper is such analysis.
Methods of synthesis: one-step and two-steps
The search for the techniques of synthesis of spherical silica particles with 3-aminopropyl groups in their surface layers was launched in [10] . Some authors suggested two-(scheme 1) and single-stage (scheme 2) [11] techniques.
The two-stage method included the formation of pure silica nanoparticles (either extracted or not from their reaction solution) with their subsequent modifi cation with 3-aminopropyl groups. For example, Badley et al. fi rst prepared silica nanoparticles in water-ethanol-ammonia solution, then the solvent was removed and the reaction between silica and 3-aminopropyltrimethoxysilane (APTMS) was held in DMF by heating to 100ºC. Such sample contained 0.81 mmol/g of amino groups at components ratio ~ 4/1 (SiO 2 /APTMS) [10] . Using the same ratio of alkoxysilanes in waterethanol-ammonia solution, Badley et al. also prepared sample with groups content of 0.61 mmol/g, fi rstly adding TEOS to the reaction mixture, and after 5 h -APTMS. Moreover, the stirring with APTMS was accompanied by ultrasonic treatment for 20 h [10] . Scientists [2] also produced spheres via two-stage method. But the presence of amino groups in them was not proved, their content was not specifi ed and the TEOS/APTES (3-aminopropyltriethoxysilane) ratio was ~ 500. Blaaderen et al. in [11] , except for one-stage synthesis, also conducted surface modifi cation of silica particles. Modifi cation was carried out at TEOS/APTES ratios equal to 1/3 and ~ 1/1, by the addition of APTES to alkosol and stirring the mixture for 1 h at room temperature followed by boiling for 2 h and partial stripping of the solvent. Thus, the authors obtained particles of 9 and ~ 70 nm in size, but only the former (according 29 Si MAS NMR spectroscopy data) contained T 3 and T 2 structural units, indicating a consolidation of functional groups on the surface of these particles, according to elemental analysis their content was 1.5 mmol/g. Scheme 1. Two-steps synthesis of functionalized silica nanoparticles. Scheme 2. One-step synthesis of aminofunctionalized silica nanoparticles.
We performed similar syntheses (surface modifi cation of nanoparticles using APTES) at room temperature, but according to IR spectroscopy and acid-base titration did not observe the presence of amino groups in the particles [13] . However, authors in [14] describe the preparation of silica particles with amino groups at room temperature. Thus, the suspension of synthesized silica particles initially was stirred for 24 h, and after that, another 24 h with APTES (ratio of components was 1/1). The content of functional groups was not determined, but they were identifi ed by 13 C and 29 Si MAS NMR spectroscopy.
One-step method of synthesis was also considered in [11] , where alkoxysilanes (fi rst APTES, and after 1min -TEOS) at a ratio of about 1/1 were added to water-ethanol-ammonia solution. The resulting particles were about 100 nm in size with 3.2 mmol/g of amino groups. That is, there was developed one-step method of obtaining silica nanoparticles with high content of 3-aminopropyl groups. However, the sample contained both spherical particles, and non-spherical impurities [13] . Therefore, we examined in more detail the peculiarities of obtaining silica particles with 3-aminopropyl functional groups. It was established that the addition of APTES to ethanol-ammonia solution containing already formed silica particles does not lead to the fi xation of amino groups on their surface. This requires boiling of the suspension or changing of the sequence alkoxysilanes introduction (fi rst APTES and then TEOS). Moreover, it was stated in [12] that stirring APTES in water-ethanol-ammonia solution does not result in visible changes of the reagent, and adding TEOS after stirring for 24 h forms a gel-like substance.
[13] confi rmed such trend (Figure 1 ). Moreover, it was found, that the increase in the molar ratio of TEOS/APTES also improves morphological characteristics of the samples. However, the content of functional groups signifi cantly decreased with increasing ratio to 6/1.
Figure 1. The infl uence of the ratio of reacting of alkoxysilanes (TEOS/APTES).

Effect amount of water and ammonia on the morphology and concentration of 3-aminopropyl groups
Some authors believe, that the amount of water in the synthesis must be greater [10, 11] , and others -that the water from ammonia solution is suffi cient for the reaction of hydrolytic polycondensation [12] . Our studies have shown [13] that the extra amount of water does not affect the particle size and the content of functional groups.
In [5, 7] the infl uence of the concentration of water and ammonia was considered in detail for silica nanoparticles (Figure 2 ). From this fi gure, it is evident that if there is a direct dependence between particle size and concentration for the ammonia, initially increasing concentration of water promotes the increase in particle size, followed by its sudden decrease. In addition, it was noticed that heterodispersed particle size distribution is observed in small quantities of alcohol. As for particles with 3-aminopropyl groups, it should be noted that the amino group itself creates an alkaline environment. In addition, the order of adding ammonia as a catalyst to the reaction solution is also very important. When ammonia is injected into the water-ethanol solution before alkoxysilyl components, APTES should be added fi rst, or the synthesis should be conducted with heating, otherwise, amino groups would not be fi xed on the surface of particles [10, 11] . However, co-condensation of two alkoxysilanes (TEOS and APTES) can be used to form aminospheres at room temperatures by mixing components and adding ammonia as a catalyst to this mixture [12] . We also showed that silica microspheres with 3-aminopropyl groups formed without the use of ammonia [13] . Adding ammonia only improved particle size distribution, the content of functional groups did not change (Figure 3 ), but the size of the formed particles increased. Therefore, there was not observed simple dependence between the concentration of ammonia and particle size for aminosilica. 
Effect of synthesis temperature
As shown in Figure 4 [6], the particle size decreases with increasing temperature for the silica particles. The most important result is that silica spheres can be synthesized in a wide size range (0.2-2.0 μm) using TEOS and alcohol solvent by changing the reaction temperature. The synthesized particles are relatively monodisperse and size distribution becomes broader with increasing temperature. Other authors [7] extended these studies and the effect of temperature on the particle size of the silica was studied at different concentrations of ethanol. These comparative studies were conducted from 30 to 70°C. The authors concluded that the particle size increases with increasing temperature in less dilute solutions (solvent -ethanol), respectively, reducing the particle size was observed with increasing temperature in the more dilute solutions [7] . These dependencies are represented in the literature for aminosilica particles. Only [10] refers to the fact that heating the suspension to 100°C for 24 h does not contribute to the consolidation of more groups on the surface but contributes to the stability of the surface layer by modifying silica particles with APTES. We studied the infl uence of the synthesis temperature on particle size and content of functional groups. The synthesis was performed by mixing alkoxysilanes and adding ammonia after the appearance of opalescence at different temperatures -2ºC, 25ºC and 45ºC [13] . Comparing these samples to their size ( Figure 5) , it is easy to conclude that the increase in temperature of an ice bath (≈ 2ºC) to 45ºC leads to the 7 times increase in the diameter. This increases the content and functional groups.
Conclusions
There was analyzed the infl uence of such factors as components addition order, reacting alkoxysilanes ratio, temperature, amount of water and solvent on the morphology and functional groups content in aminosilica microspheres. It was determined, that contrary to "pure" silica spheres, ammonia has no decisive infl uence on the particle size of aminosilica microspheres, and there is an inverse temperature relationship: namely, with growing temperature, particle size is not decreasing but increasing. Two-component system TEOS/APTES signifi cantly differs from one-component because here the formation of functionalized particles can occur without introducing ammonia solution. Modifi cation of silica particles with 3-aminopropyltriethoxysilane in ammonia-alcohol solution does not lead to fi xation of the groups on the surface of silica particles (at room temperature), because the processes of condensation dominates over hydrolysis in alkaline environment. It was shown that the synthesis temperature has a signifi cant impact on the shape and size of the particles, and the ratio of the reacting alkoxysilanes on the content of the 3-aminopropyl groups.
